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Abstract
The thesis, which begins with an introduction followed by 4 chapters, is outlined here. 
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The thesis mainly deals with the synthesis, charaterisation and application of new Mn(III) salen immobilised mesoporous materials and anion exchanged layered double hydroxides. Chapter I provides introduction for homogeneous, heterogeneous, and heterogenised homogeneous catalysis. Mesoporous materials such as acid treated cationic clay, montmorillonite, anionic clay, hydrotalcites and large pore zeolite, MCM-41, base material used in the thesis are also configured and discussed. Chapter II deals with the synthesis and characterisation of new Mn(III) salen immobilized mesoporous materials and application of these materials as catalysts for the epoxidation reaction of terminal olefins and nucleophilic ring opening of oxiranes. Chapter III presents the evaluation of [N,N'-ethylene bis(salicylideneaminato)] manganese(III) chloride (Mn(III) salen) complex for the reactions such as Knoevenagel, transesterification and acylation reactions. Chapter IV describes the application of two interesting classes of hydrotalcite based catalytic systems, tert-BuO - exchanged Mg-Al-Hydrotalcite for epoxidation and tungstate exchanged Mg-Al-Hydrotalcites for N-oxidation and sulfide oxidation reactions in liquid phase conditions.CHAPTER I : INTRODUCTION This chapter describes the various catalyst/process options available for an industrial chemist to effect different organic transformations. It includes a brief introduction of homogeneous, heterogeneous, heterogenised homogeneous catalytic systems and basic concepts commonly encountered in catalysis such as selectivity, turnover number etc. The importance of selective organic transformations and the need for the design and development of environmentally cleaner catalytic methodologies is also highlighted. This chapter also describes the importance of clays as catalysts for organic synthesis. The clays are divided into anionic clays and cationic clays.The anionic clays otherwise called as Hydrotalcites/Layered Double Hydroxides (LDHs) are a large class of naturally occurring and synthetic clay-like materials with positively charged polymeric mixed-metal hydroxide layers separated by expandable interlayer regions containing anions and water molecules, the calcination of which lead to the formation of solid solutions of homogeneously dispersed mixed metal oxides which are catalytically active and create centers of unusual reactivity. The structure of hydrotalcite is discussed in detail. Montmorillonite is cationic swellable clay having parallel layers of aluminosilicate separated by interlayer cations. It belongs to the family of hydrated silicates known as phyllosilicate and to the group smectites, which have the property of swelling with moisture. It is made up of alumino-silicate layers arranged parallel to each other. The other layers are separated by exchangeable-hydrated cations, usually alkali and alkaline earth metal cations. Each aluminosilicate layer is composed of a central plane of octahedral aluminium ions sandwiched between two layers of silica-oxygen tetrahedra. The existence of two tetrahedral sites (upper and lower) and a central octahedral site within a layer allows classifying montmorillonite into 2:1 smectite clay. The structure of Montmorillonite and their catalytic properties are discussed in detail. Transition metal complexes can be anchored into the interlayers of montmorillonite support or large polyoxy/hydroxy metal cationic species can be pillared into the interlayer. Such catalysts have wide applicability for the development of new processes and reactions that can be tuned easily. The structural aspects of montmorillonite and a brief discussion on state of art in the field of anchored montmorillonite catalyst are included.MCM-41, the ordered mesoporous material with liquid crystal templates having large channels from 1.5 to 10 nm, ordered in a hexagonal array, is also used as a support in the present work. The synthesis, characterization and catalytic properties of MCM-41 are also discussed in detail. The genesis of the present work is also included in Chapter 1. CHAPTER II : DESIGN, SYNTHESIS AND CHARATERISATION OF NEW Mn(III) SALEN IMMOBILISED MESOPOROUS MATERIALS AND THEIR APPLICATIONS. This chapter begins with a brief introduction to the importance of catalytic oxidation and a brief description of various solid catalysts for epoxidation reactions. The main emphasis is on Mn (III) salen catalysts and their applications. The chapter is divided into 2 sections. Section 1: Epoxidation of Olefins by new Mn(III) salen Immobilized Mesoporous Materials. The new heterogenised catalysts, Mn (II) salen anchored K10 montmorillonite / MCM-41 catalysts and Mn(III)-salen exchanged K10 and MCM-41 catalysts are synthesized, characterized and evaluated for the epoxidation of terminal olefins using H2O2 / PhIO as an oxidants. All these catalysts were efficient producing moderate to good yields of the desired epoxides.The covalently anchored Mn(II) salen complexes on mesoporous materials have been prepared by direct condensation of prefabricated Mn complex on the support or via ensembling step-wise salen entities on the support and subsequent complexation (scheme 1). The resultant anchored complexes have been compared with the immobilised Mn(III) salen complexes on mesoporous materials prepared by the process of cationic exchange of a complex for the epoxidation of styrene and cyclic olefins with different oxidising agents such as PhIO and m-chloroperbenzoic acid. Both types of samples show comparable structures but the anchored complexes can be recycled with perbenzoic acid as oxidant. 
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Achievements: The new Mn(II) salen catalyst anchored on K 10 montmorillonite/ MCM-41 through intermolecular Schiff base, which shows greater potential due to their tuneable larger pore size. This new catalyst becomes a practical alternative to soluble metal complexes for epoxidation reactions in view of the following advantages, a) high catalytic activity under very mild reaction conditions, b) easy separation of the catalyst by simple filtration, and c) reusability. Section: 2 Ring Opening of Oxiranes by Mn(II) salen Immobilised Mesoporous Materials. This section deals with the nucleophilic ring opening of oxiranes with Manganese based solid catalysts, the Mn(III)-salen immobilised on K10 and MCM-41 and chiral Mn-salen immobilised on K10 prepared by ion exchange process (scheme 2). All these catalysts were efficient producing moderate to good yields of the desired products. The ring opening reactions of racemic epoxides with a variety of nucleophiles like TMSCN, TMSN3 and aniline in the presence of immobilised Mn-salen catalysts are described in detail. 
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Scheme 2: Mn(II)-Salen catalysed Ring opening reaction. The products cyanohydrin trimethylsilyl ethers and azides are industrially valuable and important intermediates in the synthesis of cyanohydrins, p-aminoalcohols and other biologically active compounds. Thus the catalytic method described here for ring opening of oxiranes is easier to handle and possibly exhibit improved activity, reusability and selectivity because of the support environment. CHAPTER III: Mn(III) SALEN CATALYSED SELECTIVE ORGANIC TRANSFORMATIONS This chapter deals with the well known Kochi's Mn(III) salen complex 1 (Figure 1) modified later by Jacobson and Katsuki as an efficient and reusable catalyst for acylation, transesterification and Knoevenegel reactions in a heterogeneous way. This catalyst is relatively easy to prepare, has not been utilized for the organic transformations other than oxidations .Figure: 1 [N,N'-ethylene bis(salicylideneaminato)] manganese(III) chloride This chapter begins with a brief introduction to Mn(III) salen complexes, their synthesis and applications. This chapter is divided into 3 Sections. Section 1: Mn(III) salen Catalyst for Knoevenegel Condensation Reaction This section describes a mild catalytic method for Knoevenegel condensation of several substituted aromatic aldehydes with malononitrile and ethylcyanoacetate as donors in moderate to excellent yields using Mn(III) salen complex, a reusable catalyst for the first time (scheme 3). We deliberately designed and chose a heterogeneous system, in which the Mn(III) salen, practically insoluble in toluene offered consistent activity for several cycles which was possible by simple filtration. This section d eals with the one of the few reports on heterogenisation of homogeneous system maneuvered by simple insolubility principle to evolve and act as truly "heterogeneous system". 
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Scheme 3: Mn (III) salen catalyst for Knoevenegel condensation reaction Achievements: This new catalyst will be a practical alternative to soluble bases for Knoevenagel reactions in view of the following advantages, a) high catalytic activity under very mild reaction conditions, b) easy separation of the catalyst by simple filtration, and c) reusability. Therefore, the success of heterogenisation of an otherwise homogeneous system widens the scope in several studies.Section 2: Mn(III) salen Catalyzed Transesterification b b-ketoesters This section deals with the designing of the process of transesterification of the b-ketoesters with wide scope of utility, possible with varied primary, secondary, tertiary, allyl and alkynic alcohols catalysed by Mn(III) salen complex deliberately in a heterogeneous media by simple insolubility principle to realize reusability of the catalyst by filtration to afford good to excellent yields (Scheme 4). The reactions are in general very clean and no side product has been isolated. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a81_figureNO5.jpg" \t "_blank​) 
Scheme 4: Transesterification of b-keto esters catalysed by transition metal complexes As this method is found to be applicable for a wide range of compounds, it offers distinct advantages over the existing methods. The superiority and flexibility of our method over the existing methods coupled with the ease of operation and the simplicity in the work-up involving mere filtration of the catalyst and recyclability should find widespread application in transesterification of many b-keto esters. Section 3: Mn(III) salen Catalyzed Acylation Reaction This section deals with the utility of Mn (III)salen complex for acylation reaction. Here we described the acylation of phenols, amines and alcohols comprising primary,secondary, tertiary, benzylic and allylic in excellent yields by Mn(III) salen complex ( Fig 1) using acetic acid or acetic anhydride as acylating agent for the first time (Scheme 5). 
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Scheme 5: Acylation of alcohols catalysed by Mn(III) salen complex The essential advantage of this reaction is recovery of the complex from the reaction medium by simple filtration, when reaction is conducted in a toluene solvent that renders the complex in suspended form. Another advantage of this method is that even hindered substrates can be acylated in high yield under mild conditions. The use of acetic acid rather than acetic anhydride is both economically and environmentally advantageous. Further the catalyst is readily recyclable via a simple filtration method.CHAPTER IV: Mg-Al-O-t-Bu LAYERED DOUBLE HYDROXIDE FOR EPOXIDATION OF OLEFINS This chapter deals with the epoxidation of unfunctionalised olefins and a,b-unsaturated ketones which has been accomplished at an amazingly and unprecedented rate by superactive Mg-Al-O-t-Bu-Hydrotalcite solid base catalyst (scheme 6) using hydrogen peroxide as an oxidant. The amazing activity of Mg-Al-O-t-Bu-Hydrotalcite is ascribed to the anion tert-BuO - paired with Mg and Al of the main frame hydrotalcite. The epoxidation of terminal olefins to racemic epoxides in excellent yields is noteworthy and assumes further significance since value added optically pure epoxides and 1,2-diols could be easily obtained from the racemic epoxides. 
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Scheme 6: Mg-Al-O-t-Bu-Ht catalysed epoxidation reactions. Achievements: This catalyst becomes a practical alternative to soluble bases for epoxidation reactions in view of the following advantages, a) magnificent display of super activity in the epoxidation of unfunctionalised as well as electron deficient olefins employing Mg-Al-O-t-Bu-Hydrotalcite b) easy separation of the catalyst by simple filtration, and c) easy handling of the catalyst and easy work-up procedures. CHAPTER V: TUNGSTATE EXCHANGED Mg-Al-LAYERED DOUBLE HYDROXIDES FOR OXIDATION REACTIONS We described in this chapter an efficient and heterogeneous tungstate-exchanged Mg-Al-Layered Double Hydroxide catalyst (LDH-WO4 2- ) for the oxidation of secondary amines, tert-amines and sulfides in water as a solvent using aqueous H2O2 as an oxidant in good to excellent yields. This represents the first report of oxidation of the said amines and sulfides using heterogeneous catalyst in environmentally benign solvent water. The LDH containing positively charged layers with edge-shared metal M(II) and M(III) hydroxide octahedra, with charges neutralized by A n- located in interlayer spacing or at edges of the lamellae. The small hexagonal LDH crystals with Mg1-X Alx (OH)2 (Cl)x. zH2O composition are synthesised following existing procedures (here, x=0.25). The anionic species tungstate, molybdate or vanadate was exchanged on to LDH-Cl to give a series of LDH oxidant catalysts LDH tungstates, molybdate and vanadate. All these catalysts have been evaluated for oxidation of tertiary amines secondary amines, and oxidation of sulfides. This chapter is divided into three sections. Section 1: Mg-Al-WO4 2- -LDH Catalysed N-oxidation Reactions We described in this section an efficient and heterogeneous tungstate-exchanged layered double hydroxide catalyst (LDH-WO4 2- ) for the oxidation of aliphatic tertiary and secondary amines in water as a solvent using aqueous H2O2 as an oxidant in excellent yields for the first time (scheme 7 and 8). 
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Aliphatic tert-amine N-oxides are the essential and main components for the ubiquitously used materials namely, hair conditioners, shampoos, toothpastes, laundry detergent powder, fabric softeners, toilet soaps or cosmetics as well as in biomedical area. The amine N-oxides thus obtained are the useful additives for the surfactants, for example sold under trade name Barlox 10S, while the N,N'-dimethylamine N-oxideis a very important intermediate in the preparation of synthetically useful olefins via the well known Cope elimination. Achievements: The present process represents the sole example for the synthesis of N-oxides wherein the heterogenised tungstate-based Mg-Al LDH is used as a catalyst. The catalyst has shown to have good efficiency as reflected by its high turn over number and retention of catalytic activity for several cycles. The high throughput of the product, which lowers the inventories of the process by N-oxidation of tertiary amines to amine N-oxides in water, is a strong candidate for commercial exploitation. We also described in this section efficient and heterogeneous tungstate-exchanged layered double hydroxides (LDH-WO4 2- ) for the oxidation of secondary amines using H2O2 as an oxidant with good to excellent yields (Scheme 8). Section 2: Mg-Al-WO4 2- -LDH Catalysed Oxidation of Sulfides We described in this section, an efficient and heterogeneous tungstate-exchanged Mg-Al layered double hydroxide catalysts for the oxidation of sulfides using H2O2 as an oxidant in aqueous medium, which can terminate the oxidation at the sulfoxide stage selectively without further oxidation to sulfones. 
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Scheme 9: Mg-Al-WO4 2- -LDH Catalysed Oxidation of sulfides The present study represents the first example wherein the heterogenised tungstate-based Mg-Al LDH is used in catalytic amounts for the oxidation of sulfides to sufoxides. The high throughput of the product using catalyst as discussed lowers the inventories of the process to offer a potential competitive economically viable process. The merits of this system are shorter reaction times, highest atom efficiency and reusability. 
system". 


